Quality Assurance Project Plan

S
e

DEPARTMENT OF

ECOLOGY

State of Washington

Hangman Creek

Dissolved Oxygen, pH, andNutrients
Pollutant Source Assessment

May 2017
Publication N 0. 17-03-111



Publication Information

This Quality Assurance ProjectPlans avai |l abl e on Ecol ogyods websi
https://fortress.wa.gov/ecy/publicationafBmaryPages/1703111.html

Data for this project will be available on Ec
(EIM) website www.ecy.wa.gov/eim/index.htnSearchon Study IDtist0002

Ecologyds Activity TAa70tOker Code for this stud

Federal Clean Water Act 1996 303(d$tings Addressed in this StudyeeSection 3.3.

Author and Contact Information

Andrew Albrechtand Tighe Stuart

Eastern Regional Office
EnvironmentaAssessment Program
Washington State Department of Ecology
4601 N. Monroe St

Spokane, WA 99205

Phone’509-329-3400

Melanie B. Redding, Licensed Hydrogeologist
Environmental Assessment Program
Washington State Department of Ecology
P.O. Box 47600

Olympia, WA 985047710
Phone360-407-6524

This plan was prepared in part by a licensed hydrogeologist. A signed and stamped copy of the report
is available upon request.

Communications Consultar®lympia phone360-407-6764

Cover photo: Hangman Creelooking downstream from the KeevyRl bridge, during
low flow and high flow. CreditDepartment oEcology

Any use of product or firm names in this publication is for descriptive purposes only
and does not imply endorsement by the author oDgpartment of Ecology.

Accommodation Requests: To request ADA accommodation including materials in a format for
the visually impaired, call Ecology at 38@7-6764 Persons with impaired hearing may call
Washington Rela$ervice at 711. Persons with speech disability may call TTY e88¥8341.



https://fortress.wa.gov/ecy/publications/SummaryPages/1703111.html
http://www.ecy.wa.gov/eim/index.htm

Quality Assurance Project Plan

Hangman Creek
Dissolved Oxygen, pH, andNutrien
Pollutant Source Assessment
May 2017
Approved by:

ts

Signature: Date:
Elaine SnouwaerClient, Water Quality Program, ERO

Signature: Date:
David Knight, Clientds Unit Supert
Signature: Date:
SaraHunt C| Acting $eation Manager, Water Quality Program, ERO
Signature: Date:
Tighe StuartProject Manageruthor, EAP, ERO

Signature: Date:
Andrew Albrecht Author /Co-Principal Investigator, EAFERO

Signature: Date:
Eiko UrmosBerry, CoPrincipal Investigator, EAP

Signature: Date:
Melanie Redding, Author, EAP

Signature: Date:
JamesRoss Aut hor s UniBROSupervisor,
Signature: Date:
George Onwumer e, Aut hor 6s Secti of
Signature: Date:
Joel Bird, Director, Manchester Environmental Laboratory

Signature: Date:

Bill Kammin, Ecology Quality Assurance Officer

Signatures are not available on the Internet version.
ERO: Eastern Regional Office
EAP: Environmental Assessment Program

QAPP. Hangman Cr D@pH - Pageli May 2017

Template Version 1.010/07/2016



1.0 Table of Contents

Page

2.0 ADSITACT....ciiiiiiiiii e 6
3.0 BACKGIOUNG......uiiiiiiiiiiiiiiii ettt e e e e ene e 7
3.1 Introduction and problem statement.............ccccevviiiccceeeeeeeeeeeeeen

3.2  Study area and SUIrOUNAINGS.......uceeiiieeeeeeeeeieeriieieeeeeeeeeeeeeeeeeeessinnneeea

3.3 Water quality impairment StUIES...........uuuurieieiiiiiieeeiiiieeeeeeeeeeeeee e 24

O e (0] [=Tox (DTS o3 ] 1 o] o 26
o R = (0] [ Tox e 0 =1L R PUPPR 27

4.2 ProjecCt ODJECHVES. .......ccciiiiiiiiiii i ieee et eeee e 27

4.3 Information needed and SOUICES........ccuvviiieeiiiiiicccee e 28

4.4 TaSKS FEQUINEH.......uuiiiiiiiiiiiiiie ettt 29

4.5  Systematic planning proCess USEM.........cceeveeieieeecceeiiiiiiee e e e e eeeeeen 31

5.0 Organization and Schedule................euviiiiiieeciiiii e 32
5.1 Key individuals and their responsibilities...............cccccceeiicceveeevnnnnnns 32

5.2  Special training and CertifiCations...............eeeeiviiiieeeiinieeeeeeiee e 32

5.3  Organization Charl............ccooviiiiiiieeee e 33

5.4  Proposed project schedule............ccccoiiiiiieeniee 33

5.5 Budget and funding.............uuiiiiiiiii e e 34

6.0  QUAIILY ODJECHVES. ... ...ttt e e e e e e e e 36
6.1  Data quality ODJECTIVES.......ueeiiiiiiiiiiiiie e 36

6.2 Measurement quality ObJeCtiVeS.......cccoeviiieeiiiiiiieeei e, 36

6.3  Model quality objectives...........ccccuiiiiiiiiicee 37

O T S (VT YA =T o | P RRRRRRPPPN 38
7.1 Study DQINAANIES........cooieeeeie e 38

7.2  Field data COlleCtioN.............cooviiiiiiiiieeee e 42

7.3  Modeling and analysis deSigN.......ccccoeeeeeeiiiiiieeeie e 49

7.4  Assumptions in relation to objectives and study area...................... 52

7.5 Possible challenges and conNtingeNCIES...........uvueieiesieccevvivriiieeeennn. 52

S IO I 1Y (o o To =Y U] = 53
8.1 Invasive species evaluation.................uuuueeiiccoreeeeeeiiiiieeee e eeeeeens 53

8.2  Measurement and sampling proCeduULES.............uuuvereeimemiiinvrrnnnnne 53

8.3  Containers, preservation methods, holding times........................... 54

8.4  Equipment decontamination............cooouiiiiiiiiicme e 54

8.5  SAMPIE ID.. i 54

8.6  Chainof-CUSIOAY.........cuviiiiiiiie e 54

8.7  Field 1og reqUIremMENLS..........ooiiiiiiiiiiiiieees s 54

8.8 Other AClIVITIES........coeeiiiiiiiii e 55

9.0 Labaratory ProCeUIES........coooiiiiiiiiieeee e e 55
9.1 Lab procedurestable...........ccooiiiiiiiicie e, 55

9.2  Sample preparation Method(S).........coovviiiiiiiiiieee e 55

9.3  Special method reqUIrEMEeNtS...........ccouvuiiiieiiieemeeeeeee e 55

9.4  Laboratories accredited for methods............cccoovvviiiicccs 55

10.0 Quality Control ProCeAUIES..........uuuiiiiiiiiiiiiie e ee et e e mmmear e e e aeens 56

QAPP. QAPP. Hangman Cr DEpH - Page2 i May 2017
Template Version 1.0, 10/07/2016



10.1 Table of field and laboratory quality control................cccceiiiiicacnnnnnns 57

10.2 COrrectiVe acCtion PrOCESSES...uuuuuuiiiiieeeeeeeereemiiiiisseeeaeeeeeeeaereeeeaeeenens 57
11.0 ManagemeENt PrOCEUUIES.........uuuuiiieiiiiiiiieeeeeeeie e et e e et e e e e e e e e e emmme e e e e e e e e e 58
11.1 Data recording and reporting requiremMentsS........ccccceeeeeeeiviccceeeeeennn. 58
11.2 Laboratory data package requirements...........cccceeeevvvieeeiiieeeeeeeeeenn, 58
11.3 Electronic transfer requUIrements.............ccccuvvvviimmmnnnciiiiiiiiieeeeeee 58
11.4 EIM/STORET data upload procedures..........ccceeeeeeeiivieeeiiieeeeeeeeee 58
11.5 Model information management...............eiiiinirieeeieiiiiiiene e 58
12.0 Audits and REPOIMS........ooviiiiiiiiiiiiimmr et seeera e e e e e e e e aeeaeen 59
12.1 Field, laboratory, and other auditS...........ccccceeieiiiiiceeiiiie e, 59
12.2 Responsible personnel..........ccccooveiiiiiiieeeeii e 59
12.3 Frequency and distribution of reports..........ooooviiiiiiiiiccc s 59
12.4 Responsibility fOr reportS...........eeiiiiiie e 59
13.0 Data VerifiCatiON........ccoeiiiiiiieeeeeiiiemee e ettt se e s e e e e e e e e e e e enend 60
13.1 Field data verification, requirements, and responsibilities............... 60
13.2 Laboratory data verificatiQn..............ccccoeiiiiiiceeeiiiiiiec e eeeeeeeen 60
13.3 Validation requirements, if NECESSAIY..........cccvvviiiiiiiiccceeieeeeee 60
13.4 Model quality aSSESSMENL...........cevviiiiiiiiimme e ernnens 60
14.0 Data Quality (Usability) ASSESSMENL..........uuuiiiiiiiiiiiieeeiiiieeieeeeeeeeeeeeeeeeeeeans] 61
14.1 Process for determining project objectives were.met...................... 6l
14.2 Treatment Of NOMEIECTS. ....ccviiiiiiii e 61
14.3 Data analysis and presentation methads...............ccccccicmeeiiiiiee 61
14.4  Sampling design evaluation.............ccccoeeieeiiceeeiiiiie e eeeen 61
14.5 Documentation Of @SSESSMENL........ciiiiiiiieeiiiiieeeiie e eeeeeeeeiees 61
15.0  REIEIENCES......uiiiiiiiiiiiiiiiiiie ettt e e e e e e nnne e e 62
16.0 Appendix. Glossaries, Acronyms, and Abbreviations.............c.cccceeeeeeeevvnnns 65

QAPP. QAPP. Hangman Cr DEpH - Page3i May 2017
Template Version 1.0, 10/07/2016



List of Figures
Page

Figure 1. Hangman Creek watershed study area..............cccccuummmrneiiiiiiiiiiinnnnnnne Q.

Figure 2. USGS streagage monthly flow statistics between 1948 and 2016 for
Hangman Creek at the mouth..............ooooiiiiien e 11

Figure 3. General land use map of the Washington portion of the Hangman Creek
122 L] 651 1T R PRI 12

Figure 4. Plots of monthly total suspended solids (TSS) vs. total phosphorus (TP) data
from the ambient station at the mouth of Hangman Creek (56AQ7Q).....14

Figure 5. Plots of monthly turbidity vs TP and turbidity vs TSS data from the ambient

station at the mouth of Hangman Creek (56A070)..........cccceeiiiiiiiicecennnnns 14
Figure 6. Tekoa receiving water sample SiteS..........ccoeviiiiiiiiceeie e 39
Figure 7. Watershed springtime runoff study sample Sites..............cccocciveeneeirinns 40

Figure 8. Lower watershed lefdow study sampling sites and groundwater study
SAMPIING AIBBL.....eeiieeiiiiii i eees 41

Figure 9. Paired grab and EWI Dejitihegrated sample results from Hangman Creek
AUING SPriNG 20L6........uuuuiiiiiiiiiiiiii et e e 56

QAPP. QAPP. Hangman Cr DEpH - Page4 i May 2017
Template Version 1.0, 10/07/2016



List of Tables

Page
Table 1. Analysis of wastewater treatment plant (WWTP) contribution to Hangman
Creek total phosphorus (TP) load during spring runoff..............cccceeeneee. 15
Table 2. Applicability of previously collected Ecology data to this project........... 16
Table 3. Wastewater facilities with permits to discharge to surface water............ 17
Table 4. Permitted point sources in WRIA BB...........coooiiiiiiiimmmn e 19
Table 5. Applicable water quality criteria for Hangman Creek...............c.ovvvvueeee. 21
Table 6. Spokane River TMDL load allocations for Hangman Creek.................. 21

Table 7. Spokane River TMDL total phosphorus load reductions for Hangman Cdek.
Table 8. Total suspended solids (TSS) load allocationHangman Creek

WALEISNEA. ...t e e e e e 22
Table 9. Total suspended solids (TSS) wasteload allocations for the Hangman Creek

WALEISNEA. ... e e e e e 23
Table 10. Organization of project staff and responsibilities.............cccccooiiicaeeennns 32
Table 11. Proposed schedule for completing field and laboratory work, data entry into

1= Vg (o =T oo g £ 33
Table 12. Laboratory budget and funding.............ccoovvvriieee e 34
Table 13. Measurement quality objectives for groundwater..................ccccoeeeeenns 37
Table 14. Sampling locations for Tekoa receiving water study............................44
Table 15. Sampling locations faatershed springtime runoff study....................... 45
Table 16. Sampling locations for lower watershed-tomw study...................oooooes 46
Table 17. Sampling locations for lower watershed groundwater study................47
Table 18. Field and laboratory parameters...........ccccceeeeiiiieccvvviciiiieeeee e 48
Table 19: QUAL2Kw state variables@uoorresponding field parameters................ 51
Table 20. Stability criteria for sampling groundwater.................cccoovvveeeeeeeeeeenenn. 53

Table 21. Sample containers, preservation methods, and holding times for sample
parameters not included in the programmatic QARP............ccccceeeeieeennn. 54

QAPP. QAPP. Hangman Cr DEpH - Pages i May 2017
Template Version 1.0, 10/07/2016



2. Abstract

Each study conducted by the Washington State Department of Ecology must have an approved
Quiality Assurance Project PI&QAPP) This document, together with tiReogrammatic QAPP

for Water Quality Impairment Studié@slcCarthy and Mathieu, 2017)escribes the objectives of

the study and the procedures to be followed to achieve those objeétit@scompletion of the
study, a final report describing the studguks will be posted to the Internet.

The Hangman Creek watershed is located south of SpokashiNgtonand is a major
tributary to the Spokane Rivelhe watershed drains approximately 670 square miles of land
spanninghe Washingtorand dahoborder

There are two main objectives of this proposed study

1 To assess the Hangman Creek watersheds contrimitpoilutants affecting dissolved
oxygenin the Spokane River

The Spokane Rivesind Lake Spokan@issolved Oxygen Total Maximum Daily Lo@doore
and Ross, 201®etallocations for the muth of Hangman Creek for totahosphorus
carbonaceouliochemical oxygen demdr(CBOD), andammonia A watershedpringtime
runoff studywill determine where reductions need to oaeitinin thewatershedo achieve
the desiredesults at the mouth of Hangman Creleking the spring runoff seasoA
surfacewaterand groundwater study in the lower reaches of the basin will show where
reductions are needed during the summerflow season.

1 Todetermine tk nutrient andCBOD loads fronthe TekoaWastewater Treatment Plant
(WWTP) that will protect dissolved oxygen and pH in Hangman Creek

The treatment plant is agingndneeds to come into compliance with new temperature
permit limits, so therefore neettsbe upgradedFindings from this study will help to guide
the City of Tekoa as it plans improvements to this facilitgnsure that the facility does not
adversely impact Hangman Creek water quality.

QAPP. QAPP. Hangman Cr DEpH - Page6 i May 2017
Template Version 1.0, 10/07/2016



3.Background

3.1 Introduction and problem statement

Hangman Creek is a majoibutary to the Spokane RiveEcology developed a plan to address
low oxygen and high nutrients (phosphorus) indpekaneriver and Lake Spokar(eong

Lake Moore and Ross, 201.0Hangman Creels an important contributor of phosphorus to the
Spokane River and is the single largest source of nonpoint phosphorus during thé/dgarch
season Efforts to reduce nutrients, espedty phosphorus, in the Hangman Creek watershed will
be necessary to address water quality issues in the Spokane River and Lake Spokane.

The City of Tekoa, located in the upper part of the Hangman Creek watersimsdand

operates wastavatertreatmenfacility. The original facility consisting of a single stage

trickling filter systemwas constructed in 19%@ith majormodifications occurringn 1974to

convert the plant to an activated sludge system with chlorine disinfe@umhitional

improvemens to the WWTP were made in 192@Iding a new lift station, drying beds for

biosolids storage, and installation of a dechlorination systEms aging facility is in need of
significant upgradesStudies of facilities in nearby streams, as well as pneding data collected
during 2009, suggest that nutrient reduction or elimination may be needed to meet water quality
standards fodissolvedoxygen PO) andpH in Hangman Creek (Snouwaert and Stuart, 2015;
Ross, 2011)

Without awasteload allocatiofrom aTotal Maximum Daily Load studyl(MDL ), the municipal

permit team has requested supportf®rmo |l ogy 6és Envi r onme nBABIn Asses
collecting data that wil{1) support the development of permit limits for nutrients that are

protectiveof water quality and2) allow the City of Tekoa to move forward with necessary

facility planning efforts.

These problems will be addressed by four studies that are parts of the larger papbct
study/part of this project will fill critical data gaps address these two concerfihe four
studies of the project are:

1 Tekoa receiving water study

1 Watershed springtime runoff study

1 Lower watershed ground water study
1 Lower watershed low flow study

303(d) listed (impaired) waters exfst DO and pHthroughouthe Hangman Creek watershed
There is a need tssesshe source of these impairments and eventually develop a TMDL for
DO and pHon Hangman CreekThe data collected during this projeceexpected to support
development of a future TMDL dwever TMDL development is not a goal of this project.

3.2 Study area and surroundings

The Hangman Creek (also known as Latah Creek) watershed drains approximately 431,000 acres
and spans across two states and four countiiese than 60 percent of the watershed resides in
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eastern Washington State (WRIA 56) while the remaining portion, including the headwaters,
originates in the western foothills of the Rocky Mountains near Sanders, [dabanajor
tributaries to Hangman Gek are Marshall CreeCalifornia CreekSpangle CreelRock Creek
Rattler Run Creekand the Little Hangman Creelkiangman Creek is a tributary to the Spokane
River.

The watershed contains remnant populations of redband trout and other native aodedtro
fish species.

Figure 1 shows the Hangman Creek watershed, along with the approximate boundaries of the
component parts of this projecthese boundaries are described in detail in section 7.1.

Geology

Bedrock in the lower watershed is mainly Mioeebasalt flows with pockets of Tertidviotite
graniteand granodiorite (WDNR, 1998). During the Miocene, the basalt flows would
periodically dam rivers and form lakes. Material deposited in these lakes formed the siltstones
and sandstones of the Latabrmation. Pleistocene glacial deposits produced large amounts of
wind-blown silt, known as loess. This witdown silt accumulated up to 200 feet over most of
the basalt flows and formed duskaped hills.

During the late Pleistocene period, lobesifrice sheets in northern Washington, ldaho, and
Montana blocked several major drainages and produced extensive lakes. The largest lake
produced was Glacial Lake Missoula, located near present day Missoula, Montana; at one time it
covered over 3,000 squargles. Periodically the ice dams broke, and significant floods

occurred in Washington, including in the lower Hangman Creek watershed. There were over 40
separate flood events from Glacial Lake Missoula (Waitt, 1980). The floods left major channels
in the region, removed the loess deposits covering the basalt, and deposited much of the sand,
gravel, cobble, and boulders found in the lower reaches of Hangman Creek.

Easily erodible material is found throughout the Hangman Creek watershed. The unatetsolid
material consists of three major depasits

1 Glacial Lake Missoula flood deposits of sand, gravel, and cabbles
1 Reworked Missoula flood deposits
1 Loess deposits found in the upper watershed (Buchanan and Brown, 2003).

The Missoula Flood deposiextend from the Spokane River confluence to the Rock Creek
confluence. Along with the unconsolidated sediments, the weakly lithified sedimentary rocks of
the Latah Formation are also subject to stream erosion.

The Latah Formation consists of fine lamioas of silts and clays with low permeability that

tend to perch water above the formations. Bank slumping occurs as water erodes sediment from
between the confining silt and clay layers. The silts and clays are resistant bands that tend to
form verticalbanks above them. Poorly consolidated sands and gravels within the Latah
Formation tend to wash out, undercutting and exposing the silt and clay layers. This
undercutting can result in block slumps and rapid bank loss.
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The Lake Missoula flood deposits consist of sottednsorted silt sands, gravels, cobbles, and
boulders The unconsolidated material erodes easily along streams, producingistgaple
slopes over 100 feet higifhe major type of erosion is toe failure caused by the stream
removing the material at the base of the streamb@mice the toe is removed, the bank is ever
steepenedThe oversteepened bank fails and deposits lang@unts of material directly into
the stream The deposited material is available to be mobilized under most flow conditions

PostMissoula flood alluvium generally overlies all the other sediment laygre post

Missoulaflood material is reworkeddbd deposits and is unconsolidated and easily erotiee
depositsare generally terraces that originally formed as flood plains when Hangman Creek was
downcutting through the flood alluviunThe erosional characteristics are similar to the Lake
Missoulaflood deposits discussed above, but are more cohesive because a significant amount of
sand and gravel has been removed.

Soils within the Hangman Creek watershed have formed from a wide variety of matEnials
main soils are deep soils that formed fritra silty loess depositsThe soils are generally
medium to finetextured, with moderate to slow permeabilityhe soils have high to moderate
waterholding capacity Other parent materials for the soils include volcanic ash, glacial
deposits, alluviundeposited by streams, and material weathered from basaltic, granite, and
metamorphic bedrock.

Hydrogeologic setting

There are two distinct aquifers in the area: the shallow, unconfined alluvial aquifer and the
lower, confined watebearing zones in th#eeper basaltThe Hangman Valley is underlain
primarily by glaciealluvial deposits These deposits are up to 200 feet thick and overlay the
Columbia River Basalt Grougn the shallow alluvial aquifer, depth to water is about 10 to 20
feet below landurface

The Latah formation is comprised of weakly cemented lacustrine silt and clay mixed with some
sand and gravelThis confining layer separates the upper glatiovial deposits from the lower
Columbia River Basalt GroupGeoEngineers (2000) tgmined that significant hydraulic
continuity between the upper and lower aquifers is unlikely.

Locally, the Columbia River Basalt Group is comprised of the Wanapum and Grand Ronde
members Depth to basalt varies but is estimated to be approximatelie200elow land

surface The basalt group is interspersed with the Latah formation which is interbedded between
the basalt flows It is comprised of weakly cemented lacustrine silt and clay with some sand and
gravel This group contains discontinuousndined watetbearing zonesGroundwater flow

direction is estimated to be to the westithwest (GeoEngineers, 2000)
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Hydrology

Figure 2 illustrates streamflow patterns at the mouth of Hangman.CFéekspring runoff

period typically occurs betwegkanuary and MayFlows drop quickly between April and July,
with the baseflows occurring during August and SeptemBeride seasonal variation in flows
exists in Hangman Creek, with typical spring runoff flows about 40 times higher than typical
flows during the summer low flow period=lows during the spring runoff period are very
fiflashy 0 exhibiting a quick response to precipitation and snowmelt ev&aak flows in excess

of 10,000 cfs occasionally occur.
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Figure2. USGS strearrgage monthly flow statistics between 1948 and 2016 for Hangman

Creek at the mouth.
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Land use

Figure 3 shows land use in the Hangtaaekwatershed The watershed is dominated by

dryland agriculture, particularly in the south and eastern arease loess soils occuForested

areas occur on buttes and low mountains in the eastern part of the watershed, in canyons along
Hangman and Rock creeks, and in the channeled scablands that occur in the western part of the
watershed Urban developmensiconcentrated in and around the city of Spokane, in the far
northern part of the watershed.

= Urban/roads
(1 Agriculture
] Rangeland
Bl Forest

mm Water

I Barren

X

Figure3. General land use map of the Washington portion of the Han@mesekwatershed.
Source: USGS Land Use/Land Cover (GIRAS).
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3.2.1 History of study area

Agriculture has been the dominant land use in the Hangman Creek watershed since the early
1900s By the 1920s, a significant portion of the farmable land had been cleared and cultivated
The watershed has some of the npysductive farmland in the nation, shipping wheat, barley,
lentils, and peas worldwide (Palouse Watershed Plan, 200@itman County, which has

similar land use as the rasftthe watershed, consistently produces more wheat than any other
county in thenation (yields of 100 bushelsfaare common in many parts of the county)
Approximately 93% (1,948,350 acres) of the 2,095,000 acres in the Palouse River Watershed are
classified as agricultural (Palouse Watershed Plan, 2@0W)ajority of waterways whin the

watershed have become a part of the agricultural landscape which has resulted in many
waterways becoming highly channelized with limited riparian areas

3.2.2 Summary of previous studies and existing data

Agencies including th&).S. Geologica Survey (USGS), Spokane Conservation District (SCD),

Idaho Department of Environmental Quality (IDEQ), @eeurd 6 Al ene Tri be, and
have collected water quality and streamflow data in the Han@reekwatershed The

following sections highlighkey findings that are important to this project.

Summertime low-flow characteristics

Ecology conducted synoptic surveys in 2008 and 2009 during low flow conditions (Joy, 2008;
Ross, 2011) Key findings from these surveys included:

1 Algal productivity is gnerally nitrogedimited.

1 Dissolved oxygeiDO) and pH experience wide diel variations due to algal productivity and
low reaeration.

1 Dye study results show very slow travel times resulting from very low flows and wide, deep,
long pools.

1 Nutrients from sorces in the upper watershed are taken up by algae and generally do not
reach the lower watershed during low flow conditions.

1 Most of the phosphorus load and nearly all of the nitrate load that reaches the mouth of
Hangman Creek, enters in the downstreaost 9 miles of Hangman CreekThese nutrients
likely enter the stream via groundwater inputs

Phosphorus, sediment, and turbidity during spring runoff

Hangman Creek carries large amounts of suspended sediment as well as phosphorus during the
springtimerunoff period Ambient monitoring data collected by Ecology at the mouth of

Hangman Creek demonstrates that sediment (represented as total suspendeg Sadiald
phosphorus are linked (Figure 4lhis conclusion is also supported by a study conduxyed

Spokane Conservation District (SCD, 2009), which found high soil phosphorus levels in the
Hangman Creek watershedmbient monitoring data also demonstrates that both phosphorus

and sediment are closely related to turbidity (Figure 5).

These findingsre key to the design of the high flow study part of this project, which depends on
the relationships between turbidity, sediment, and phosph{Bae section 7.3.1).
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Figure4. Plots of monthly total suspended solids (T8&)otal phosphorus (TP) data from the
ambient station at the mouth of Hangman Creek (56A070).

TSS is shown on a log scale.
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Figure5. Plots of monthlyturbidity vs TP andurbidity vs TSS data from the ambient station at
themouth of Hangman Creek (56A070).

Bestfit lines are not shown for these graphs because a single fit line does not apply do all parts
of the regressianGraphs are shown on a log scale.
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WWTP contribution to phosphorusloads during spring runoff

During springtime runoff conditions, algae are not expecteéaki® up nutrients very actively
due tothecold, turbid water Furthermore, travel times are much quick€herefore, it is
expected that, unlike during leflow conditions, nutrients from pat sources in the upper
watershed will be transported through Hangman Creek to the Spokane Rabée1 provides
an analysis to estimate the total phosphorus (TP) load from wastewater treatment plants
(WWTPSs) during the spring runoff months.

Tablel. Analysis of wastewater treatment plant (WWTP) contribution to Hangman Creek total
phosphorus (TP) load during spring runoff.

Effluent TP load (Ibs/day) during 2009 * Historical mean | % of TP load
Month Freeman | Total of | TP load at mouth _that may
Tekoa | Rockford | Fairfield | Spangle | School all of Hangman Ck. | originate from
Dist. WWTPs (le/day) 2 WWTPs
January | 2.77 5.85 2.98 0.48 0 12.08 440 2.7%
February | 1.14 4.44 2.29 0.54 0.080 8.48 857 1.0%
March | 4.15 4.05 3.21 0.71 0.23 12.35 835 1.5%
April 3.48 2.50 3.36 0.57 0.36 10.27 205 5.0%
May 4.51 0 1.52 0.63 0 6.66 72 9.3%

! Calculated from TP data collected by Ecology during 2009, and average monthly flows during 2009 reported by the facilities in their
discharge monitoring reports (DMRS).

2 This calculation is a historical average, it is not specific to 2009. Calculated from Ecology ambient monitoring data collected at the
mouth of Hangman Creek, and from mean monthly flows provided by USGS StreamStats.

Ecology will not resample the WWTPs during the watershed springtime runoff study part of this
project (We will sample Tekoa WWTP during the receiving water study.) Because the
contribution of WWTPs to th&éP load in Hangman Creek is fairly small, it is appropriate to
estimate their contribution using 2009 data.

Previously collected data usability for thisproject

Table2 summarizes previous monitoring studies conducted by Ecology duringZ20@8(Joy,
2008; Ross, 2011) and 202012 (Redding, in publication)The table also provides an
assessment of the applicability of these data to this project.

3.2.3 Parameters of interest and potential sources

3.2.3.1 Parameters of interest

This study addresses pH ap@® impacts Existing data (see section 3.2.2) and studies of other
regional waterbodies (Snouwaert and Stuart, 2015; Joy et al., 2007) indicéiteseampacts
generally result from excessive nutrients and organic matter, high water temperatures, poor
channel conditions from erosion and sedimentation, and/or low streamflows. In addion to
and pH, nitrogen, phosphorus, carbon, and biochemigglesxdemand are of the greatest
interest to this project because of their influence esti@am biological productivity and/or their
inclusion in the Spokane TMDL.

QAPP. QAPP. Hangman Cr D@H - Pagel5i May 2017
Template Version 1.0, 10/07/2016



Table2. Applicability of previously collected Ecology datattas project.

Data type cc\)ll\llggg d Description Applicable to this project?*
5 sites were sampled where streams cross from Idaho Yes, usable to estimate border
Border sites 2008-2009 |into Washington. Monitoring was conducted year-round |(loads of nutrients and total
with twice-monthly trips during spring runoff. suspended solids (TSS).
Sites were sampled to represent each of the 4
ecoregions in the Hangman watershed. ldeally, these
Reference 2008-2009 sites would have minimal human impact. However, such No
sites sites were mostly not found. Results from the sites that
were chosen unfortunately suggest they have little value
as reference sites.
Each of the wastewater treatment plants (WWTPs) with a
WWTP effluent surface discharge was sampled regularly. This included Ye_s, these data are Iike_ly_still
characterization 2008-2009 |Tekoa, R_ock_ford, Fglrfleld_, Spangle, and Freeman valid as none of the facilities has
School District. It did not include Latah Creek (Hangman |altered its treatment process.
Hills) WWTP which discharges to retention ponds.
Time-of-travel dye study data are
Two synoptic nutrient surveys were conducted along still usable. Periphyton biomass
Hangman and Rock Creeks, along with diel Hydrolab data are still usable, because
Summertime data_, periphyton biomass data, and time-of-tra\{el dye these data are use.d in a very
synoptics 2008-2009 |studies. These surveys suffered from issues with site general way and differences
spacing, weather conditions, and uncontrollable between years are acceptable.
circumstances such as WWTP malfunction during Other data are usable in an
survey. informative capacity but not for
modeling.
Usable in an informative capacity
. . but site-to-site comparisons
Storm event 2009 Eggfugreri;?mpelsg;? roughout the watershed during one cannot be made because
y ) conditions were changing too
rapidly during sampling.
Surface water and groundwater data in the vicinity of the
Latah Creek Latah Creek (Hangman Hills) WWTP. Latah Creek
WWTP discharges to retention ponds adjacent to Yes, use to characterize
(Hangman H Creek near the Hangman Valley Golf Course roundwater nutrient
Hills) WWTP  |2010-2012 Tﬁngma” ree nangman valley - |9 er nutrient
groundwater ese data indicate that nitrate loading via groundwater |concentrations in vicinity of Latah
study to Hangman Creek from Latah WWTP has been reduced |Creek WWTP.

following the installation of a denitrification system in
2011.

The ratio of nitrogen to phosphorus from the 208&duggesthat Hangman Creek in the
vicinity of Tekoa is likely nitrogedimited. Therefore, nitrogers a key parameter of interest for
studying the impact of the Tekoa WWTP and ottaentialsources of impairment in Hangman

Creek

Biochemicaloxygen deman@BOD) from breakdown ofarbonbased organimater and
nitrification of ammonia to nitrate (NBOD) is of interest to the Tekoa receiving water study
because of the potential impact on Hangman Creek DO levels from these s@ussed/ed and
total organiccarbonare also of interest due to their close relationship eatbhonaceous
biochemical oxygen demand (CBQD)

The Spokane River/Lake Spokane system is generally considered to be phebptitedis
(Moore and Ross, 2010Phosphoruss a key parameter of interest fitle aspcts of theproject
which are aimed at meeting the allocations for the mouth of Hangman Creek seSppkhee
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River/Lake Spokane Dissolved Oxygen TMDbad allocations were also set for CBOD and
ammonia Theseparameters are gecondary interest

Suspended sedimeistalsoa parameter of interest during the watershed springtime runoff study
portion of this projecbecaus®f thedemonstratetink between phosphorus and sediment in
Hangman Creek during sprimgnoff conditions (See section 3.2.2).

3.2.32 Nonpoint sources

Nonpoint sources gfollutants contributing tpH and DO problems in the watershrady

include diffuse sources of nutrients, BOD, eroded sediments, and areas with a lack of riparian
shade The watershed has extensive areas of farm8@gme farming practices are potential
sources of nutrients and eroded sediments rich in phosphRiparian areas are also lacking
riparian vegetation along many reaches throughout the watgdhedt al., 209; SCD, 2003)
Channel aresexposed to long periods of sunlight can become choked with periphyton, grasses,
and aquatic plants whelows are low, water is clear, amaditrients are plentiful in the water

column or in bed sediments

Some livestock aess areas have been observed in the previous TMDL suiegs livestock
management in riparian corridors can be sources of nutrients and edgg@amding manures

Eroding banks may be enriched with nutrients or may have native nutrient concesitnajton
enough to stimulate algae growth in the stream chanAalsnentioned earlier, soils and

geologic factors in much of the watershed leave unprotected banks and uplands susceptible to
erosion Land uses and channelization have destabilized stre&sbathe watershe@oy et

al., 2009)

Residential and urban areas supply nutrients througbffutandcanhave denuded riparian
areas Fertilizers, orsite septic systems, and pets can be sources of nutrients and BOD
Riparian areas with bardide developmenhaylack shade anbe subject to streambank
erosion.

3.2.33 Point sources

The Hangman Creek watershed contains ten permitted wastewater facilities in Washiggton
of thesewastewater treatment plants (WWTIRgayeNational Pollutant Discharge Elimination
System(NPDES permits to discharge to surface water (Taé)le

Table3. Wastewater facilities with permits to discharge to surface water.

Facility City Permit Number Discharges to
Cheney WWTP Cheney WA0020842 Wetland drains to Minnie Creek
Fairfield WWTP Fairfield WAQ0045489 Rattler Run Creek
Freeman School District Rockford WAO0045403 Little Cottonwood Creek
Rockford WWTP Rockford WAQ0044831 Rock Creek
Spangle WWTP Spangle WA0991010 Spangle Creek
Tekoa WWTP Tekoa WA0023141 Hangman Creek
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Tekoa and Spangle WWTRse currently the only NPDES permitted facilities ttiacharge
continuouslythroughout the yearRockford WWTPIis limited to discharge to Rock Creek only
during the monthbetween December and May whée receiving wateffow exceeds 2.38fs.
Fairfield and Freeman School District lagoon systems have enough capacity to hold effluent
during the latesummer and eby-fall low streamflow season.

The NPDES permit fo€heney 8WTP prohibits direct surface discharge to the ditch (tributary
to Minnie Creek) during the months of June, July, and Auglisé facility dscharges to series

of constructed gratment wetlandsDuring wet weather these wetlands could theoretically
discharge to ditch that ultimately goes to Minnie Cre&kvetlands bypass exists that directs
effluent directly to the ditch in event of extreme flows, however it has never been used
(Peterschmidi2011).

An additional four facilities (Badger Lake Estates, Liberty School Distratgh Creekand

Upper Columbia Academy) have Washington State wastewater discharge permits to discharge to
ground or wetlandsThe Latah Creek (Hangman Hills)WXTP discharges to ponds located

adjacent tof Hangman CreekData collected by Ecology indicates that this reach of Hangman
Creek gains flow from groundwater, and thatWAe&/ TP discharge infiltrates to groundwater

which then flows to Hangman Creek (Redgim publication).

All of the permitted municipal WWTPs have effluent limits for BOD and suspended.solids
Ammonia effluent limits have been established for Tekoa, Spangle, Cheney, and Fafisid
Cheney ha a phosphorus effluent limit.

Hangman Geek and Rock Creek receive effluent from three additional wastewater facilities

located acrossthdahob or der on t he Co e uheTahsedAWWTPie@thdRe ser v a
town of Tenseds located on the mainstem Hangman Creek upstream of T&¥¥odey and the

Coeur do6Al ene Casino have wast ewdheienutrigntaci | i t i
loads will not be specifically evaluated, but are included in loads measured at the border.

Spokane County and the City of Spokameboth Phasé municipal separate stormwater sewer
system (MS4) permit holdergeered by the Municipal Stormwater Permithis NPDES permit
regulates pollutants carried to waterbodies by stormwatee Washington Department of
Transportatioralso has a stormwater peat which covers runoff from state highways and
associated facilitiesStormwater permits do not have specific permit limits, but jurisdictions are
required to create stormwater management plans that meet specific management requirements.

Other permit tpes, such as construction stormwater and sand and gravel, are not expected to be
significant pollutant contributorsConstruction stormwater permits regularly change with the
initiation and completion of various construction projedtberefore, some dhe construction
stormwater permits listed below may not exist by the end of this project, while other new permits
may apply Table4 lists all permitted point sources in the Washington portion of the Hangman
Creek watershed (WRIA 56).
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Table4. Permitted point sources in WRIA 56.

Permit

Facility Name Number Permit Type City Water Body

Cheney WWTP WAQ0020842 | Municipal NPDES IP Cheney g/gg‘:‘trrgﬁf d‘; wetlands

Fairfield WWTP WA0045489 Municipal NPDES IP Fairfield Rattler Run Creek

Freeman School District 358 WA0045403 Municipal NPDES IP Rockford Little Cottonwood Creek

Rockford WWTP WA0044831 Municipal NPDES IP Rockford Rock Creek

Spangle WWTP WA0991010 Municipal NPDES IP Spangle Spangle Creek

Tekoa WWTP WA0023141 Municipal NPDES IP Tekoa Hangman Creek

Latah Creek WWTP ST0008045 Municipal to ground SWDP IP | Spokane To ground

Liberty School District 362 ST0005397 Municipal to ground SWDP IP | Spangle To ground

Upper Columbia Academy ST0008034 Municipal to ground SWDP IP | Spangle To ground

Eastern Washington University ST0008098 :Dnrciiy;téizlv(\}g)':t?PPOT\N/ Cheney Unknown

iﬁggir_]te)el?ctﬁqgational ST0045499 Industrial to ground SWDP IP | Spokane To ground

Spokane County Muni SW WARO046506 Municipal SW GP Spokane Hangman Cr, Unknown

WSDOT SW GP WARO043000 Municipal SW GP Spokane Various

City of Spokane SW WARO046505 Municipal SW GP Spokane Hangman Cr, Unknown

Rockford Elevator & Agronomy | WAR302313 Industrial SW GP Rockford Rock Cr, Unknown

Ben Burr Road Development WAR302628 | Construction SW GP Spokane Unknown

Eagle Ridge 11th Addition WAR303736 Construction SW GP Spokane Unknown

Eagle Ridge 12th Addition WAR304933 | Construction SW GP Spokane Unknown

EWU PUB WAR304431 Construction SW GP Cheney Unknown

Harvest Bluff Phase 2 WAR303432 Construction SW GP Cheney Minnie Cr, Unknown

Moran View Estates WAR304540 Construction SW GP Spokane Hangman Cr, Unknown

Park Road WAR302970 | Construction SW GP Tekoa Hangman Cr, Unknown

Spangle Creek WAR302910 Construction SW GP Spangle Spangle Cr, Unknown
Dewatering to Dry Cr and

Acme Concrete Paving Inc. WAG500033 | Sand and Gravel GP Spokane Irrigation Ditch; Storm and
process water to ground

Camas Gravel Company WAG500054 | Sand and Gravel GP Spokane Eglég\c:;vn; facility currently

Eé?r;tgéi Concrete & Asphalt WAG507201 | Sand and Gravel GP Cheney Stormwater to ground

Mutual Materials POTTRATZ | WAG507044 | Sand and Gravel GP Waverly ﬁg’r:g“n‘;":rﬁegoaggtgmun g

Spokane County PWD Cutoff WAG507024 | Sand and Gravel GP Fairfield Stormwater to ground

WA DOT QS-C-171 Excelsior WAG507174 | Sand and Gravel GP Spokane Stormwater to ground

Quarry

IP: Individual permit

SWDP: Stormwater discharge permit

SW: Stormwater
GP: General permit

PWD: Public Works Deparment
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3.2.4 Regulatory criteria or standards

Dissolved xygen(DO) and pH

This study addresses the protection of aquatic habitat and attainment of the aquatic life uses in
the Hangman Creekatershed and the Spokane RivAccording to watershed assessments of
current and historical fish populations (SCD, 2005):

Fish habitat and distribution throughout the watershed has radically changed over the last one
hundred yearsHangman Creek ondgad viable populations of native redband trout and

healthy runs of salmon and steelheddhe removal of riparian vegetation, channel

alterations, and heavy sedimentation has significantly reduced the spawning and rearing
habitat on Hangman Creekl' he pimary species now found in the stream are adapted to
warmer, slower waters and considered undesirable as gaméissident trout populations

are severely depressed.

California Creek, Rock Creek, and Marshall Creek support remnant populations of redband
(Western Native Trout Initiative, 2007; Lee, 2005)owever, there is no major effort to-re
establish anadromous (sea) salmon or steelhead in the Hangman Creek watershed because
downstream barriers in the Spokane River system prevent migratignoving water quality
conditions is a necessary step to enhance and protect the aquatic community, including cold
water fisheries on which the water quality standards are based in this watd?sheer levels of
DO and pH are essential for healthyhfend macroinvertebrate populations.

In the Washington State water quality standards, freshwater aquatic life use categories are
described using key species (salmonid versus weaiter species) and |{stage conditions
(spawning versus rearingiHangmarCreek has not been designated for protection of any special

populationoffishTher ef ore, the statewide baseline d
Spawning, Rearing, and. Migrationd are to be
The water quality criteria associatedwh t he aquatic | ife use of

and Migrati ono aTheyaleisabtb enguretha tohditiond reecessaty to fully
support the aquatic life uses designated for the water. bslyhese criteria are based on
biologicalrequirements rather than the specific waterbody conditions, they may not be
achievable in all seasanslangman Creek is well known for filashyo and variable flow

regime with extremely low and spatially stagnant flows in the sumirfegse conditionsften
preclude the attainment of the numeric criteiidhile Hangman Creek has been altered by
human activities, extreme low summer flows are likely a natural feature in this watershed
Unfortunately, the water quality standards do not take flow regitoecbnsideration except
through the natural conditions provision (WAC 12&1A-260) which applies to the ambient
conditions that result in such flows conditions (suchaager DO anchigher temperatures)

TableSsummari zes the DO and pH water quality c

Spawning, Rearing and Migrationse and therefore applicable to Hangman Creek.

Further information on these parameters is provided iRPtbgrammatic QAPP for Water
Quality Impairment Studie@cCarthy and Mathieu, 2017).
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Table5. Applicable water quality criteria for Hangman Creek.

Parameter Criteria
DO concentration will not fall below 8.0 mg/L more than once every ten years on
Dissolved average. When a water body's DO is lower than 8.0 mg/L (or within 0.2 mg/L) and that
Oxygen condition is due to natural conditions, then human actions considered cumulatively may
not cause the DO of that water body to decrease more than 0.2 mg/L.
H pH shall be within the range of 6.5 to 8.5 with a human-caused variation within above
P range of less than 0.5 units.

Phosphorus,ammonia, and CBOD

The Spokane River Dissolved Oxygen TMMoore and Ross, 2010) identifitmhd allocations
for the mouth of Hangman CreeKable6 summarizes the relevant allocations as reported in the
TMDL, while Table7 summarizes the load reductions for total phosphorus.

Table6. Spokane River TMDUload allocationgor Hangman Creek.

Total Phosphorus Ammonia (NH3-N) CBOD
2001
=EEEET Flow Allocation AU Allocation A0 Allocation 2L
: Load : Load . Load
(cfs) | Concentration : Concentration . Concentration .
(mg/L)? Allocation (mg/L) Allocation (mg/L) Allocation
9 (Ibs/day) 9 (Ibs/day) 9 (Ibs/day)
March
i May 229 0.113 140.2 0.034 42.1 3.3 4102.1
Average
June 31 0.044 7.5 0.012 2.1 2.8 479.0
July 1
October 9 0.030 14 0.009 0.4 2.3 107.9
Average

Table7. Spokane River TMDL total phosphorus load reductions for Hangman Creek.

Loads (Ibs/day) Load % Reduction
Month Natural 2001 TmpL | Reduction | ot 5001 | of Human
(bs/day) | (Ibs/day) | (Ibs/day) | (PS/daY) || oad (%) | Load (%)
Mar-May 62.2 157.9 140.2 195 12 20
June 3.9 9.9 75 2.4 24 40
Jul - Oct 1 1.8 1.4 0.4 22 50
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Total suspended solid¢TSS)

Although the primary emphasis of this project is on nutrients, extensive turbidity and sediment
data will also be collecteduringthis project This is becausmuch of the phosphorus in
Hangman Creek during the springtime runoff season is associated with suspended sddienent
Hangman Creek Watershed Fecal Coliform, Temperature, and Turbidity Total Maximum Daily
Load (Joyet al.,2009) established load and welsad allocations fof SSto address turbidity
violations Data collected during this study will be compared to these allocatiatses8 and

9 show the load and wasteload allocationsTis6in the HangmaiCreekwatershed.

Table8. Total suspended solid¥SS)load allocations for Hangman Creek watershed.
For geographic sutbbasins and 303(d) listed stream segments.

. A . ‘ Estimated % reduction
Sub-basin 303(d) listed segment Basin 303d)
Upper Hangman Creek Hangman Creek at 26%
-4 -
3 Hangman Creek from Tekoa to Bradshaw Road (ID 65 19%
O Bradshaw Rd 40942) i
2 Hangman Creek from Bradshaw 15%
2 | Rd to Duncan i n/a
= Lower Hangman Creek 11%
Little Hangman Creek L,mle Hangman 16% 15%
= Creek (ID 40940)
Rattler Run Creek 58;2?) LT s L 15% 15%
é Rock Creek at
s Rock Creek Jackson Road 18% 17%
£ (40943)
= Marshall Creek 8% n/a

n/ai There are no 303(d) listed segments in this geographic area.
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Table9. Total suspended solid¥SS)wasteload allocations for the Hangman Creek watershed.

1No permitted industrial facilities currently exist in the watershed.

2Limit is a maximum daily (not average weekly).

3Best management practices estimate 80% remdéviehs from stormwater sources (Ecology, 2004)
4Construction stormwater NPDES permit regulates turbidity but does not regulate TSS.
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